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(54) Inert barrier for high purity epitaxial deposition systems 

(57) The present invention is an improved semicon- 
ductor substrate processing apparatus which Includes a 
processing chamber having a first member, a second 
member and a processing region; a vacuum tight seal 
between said first and said second members that ena- 
bles a pressure controlled environment within said 
processing region; and a barrier between said first and 
second members which separates said seal from said 
processing region, said handler being substantially non- 
reactive with processes conducted in said processing 
region. 
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Description 

[0001 J This invention relates to semiconductor 
processing apparatus and, more particularly, to the use 
of an inert barrier to insulate an 0-ring sea! and prevent 5 
O-ring contamination of the processing region. 
[0002] Present day equipment for the semiconduc- 
tor industry seeks to obtain increased throughput by 
transitioning from 200 mm substrates toward larger sub- 
strate diameters such as 300mm. Larger substrate io 
diameters necessitate increased gas flows and energy 
input requirements to enable the same processing 
results achieved on smaller diameter substrates. At the 
same time, increased throughput is sought through the 
extension of deposition cycles. However, increases in 15 
deposition cycles are directly proportional to increased 
cleaning cycles particularly in those processing areas 
that utilize periodic cleaning cycles. One example of a 
process that utilizes periodic cleaning is the deposition 
of epitaxial silicon. In an epitaxial silicon reactor, a typi- 20 
cal cleaning cyde is particularly arduous since it 
includes heating the processing region to about 1200°C 
and injecting HCI. The combination of increased energy 
requirements that are needed for larger substrates and 
the desire for longer cleaning cycles has strained the 25 
design of existing reactors. Exposed components are 
particularly vulnerable to the increased requirements 
such as the innermost 0-rings or those O-rings closest 
to the process area, in typical reactors these O-rings 
provide a pressure seal forthe processing chamber and 30 
are exposed to the heat and chemistry of both the dep- 
osition and the cleaning cycles. 
[0003] Figure 1 is a typical example of a double 
dome processing reactor suitable for chemical vapor 
deposition (CVD) of silicon films such as the EPI cham- 35 
bersold by Applied Materials, Inc. of Santa Clara, Cali- 
fornia. In this figure a CVD reactor 10 includes a top 
dome 12, a bottom dome 16 and side walls 14, 15 which 
together define a processing region 1 8 into which single 
or multiple substrates, such as silicon wafer 20, can be 40 
loaded. Wafer 20 is mounted on a susceptor 22 that can 
be rotated by drive 23 to provide a time-averaged envi- 
ronment forthe wafer 20 that is cylindrically symmetric. 
A quartz ring 11 8 is disposed between sidewalls 1 4 and 
1 5 and susceptor 22. A preheat ring 24 is supported by 45 
quartz ring 1 1 8 and surrounds susceptor 22. 
[0004] Wafer 20, preheat ring 24 and susceptor 22 
are heated by a plurality of lamps 26 mounted outside 
processing region 18. Top dome 12, bottom dome 16 
and insert 1 1 8 are typically made from quartz because so 
it is transparent to light of both visible and IR frequency, 
it exhibits relatively high strength and because it is 
chemically stable in the processing environment of the 
chamber. Sidewalls 14 and 15 include clamp rings 40 
and 42 that are used to secure top and bottom domes 55 
12 and 16 to base ring 44. Clamp rings 40 and 42 and 
base ring 44 are typically made from stainless steel. 
[0005] The structure of side walls 14 and 15 and 



their relationship to processing region 1 8 can be better 
appreciated by refen-ing to Rgure 2. Figure 2 illustrates 
an enlarged view of sidewalls 14, 15 and insert 1 18. 0- 
rings 50, 52, 54 and 56 are used to form seals between 
upper clamp ring 40 and base ring 44 enabling a pres- 
sure seai oetwecM top oorne 12 ano processing region 
1 8. Additionally, O-rings 50, 52, 54, and 56 are arranged 
to stmcturally support top dome 12 and counteract load- 
ing and thennal stresses. The near direct vertical align- 
ment between O-rings 50 and 54 and between O-rings 
52 and 56 indicates the top dome 12 is in compression 
with only a slightly cantllevered load. Top dome 12 is not 
in contact with either upper clamp ring 40 or base ring 
44. As such, gaps exist between top dome 12 and upper 
clamp ring 40 and base ring 44. 
[0006] Lower dome 16 is similarly supported. O- 
rings 58 and 60 are used to form seals between lower 
clamp ring 42 and base ring 44 and bottom dome 16. 
Like top dome 12, bottom dome 1 6 is not in contact with 
the sidewall elements that support it Gaps exist 
between bottom dome 16 and rings 42 and 44. Gaps 
are also present between quartz insert 118 and top and 
bottom domes 12 and 16. 

[0007] Referring back to Rgure 1 , processing gas 
(whether reactant or dopant or cleaning) is supplied to 
processing region 18 from an exterior source, schemat- 
ically represented by two tanks 28. The gas flows from 
the gas supply 28 along a gas supply line 30 and into 
processing region 1 8 via a gas inlet port 32. From the 
port 32 the gas flows through a passage In sidewalls 1 4 
and 15 and a passage in quartz insert 1 1 8. From insert 
1 1 8, the gas flows across the preheat ring 24 across the 
susceptor 22 and wafer 20 in the direction of the arrows 
34 to be evacuated from region 18 through evacuation 
port 36. A pumping source or other exhaust piping sys- 
tem is coupled to evacuation port 36 for the purpose of 
exhausting gases and by-products from processing 
region 1 8. The dominant shape of the flow profile of the 
gases is laminar from the gas input port 32 and across 
the preheat ring 24 and the wafer 20 to the exhaust port 
36 even though the rotation of the wafer 20 and thermal 
gradients caused by the heat from the lamps 26 do 
affect the flow profile slightly. 

[0008] The above described CVD processing 
chamber can accommodate a number of different proc- 
esses. Each process differs depending on the desired 
end result and has different considerations associated 
therewith. In the polysilicon deposition process, doped 
or undoped silicon layers are typically deposited onto 
the wafer using processes such as low pressure chemi- 
cal vapor deposition (CVD). In this process a reactant 
gas mixture including a source of silicon (such as silane, 
disilane, dichlorosilane, trichlorosilane or silicon tetra- 
chloride) and optionally a dopant gas (such as phos- 
phine, arsine, or diborane) is heated and passed over 
the wafer to deposit a silicon film on its surface. In some 
instances a non-reactant, carrier gas such as hydrogen, 
is also injected into the processing chamber together 
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with either or both of the reactant or dopant gases. In 
this process, the crystailographic nature of the depos- 
ited silicon depends upon the temperature of deposi- 
tion. At low reaction tennperatures of about 600°C the 
deposited silicon is mostly amorphous; when higher 5 
deposition temperatures of about 650*C to 800°C are 
employed, a mixture of amorphous silicon and polysili- 
con or poiysilicon alone will be deposited. 
[0009] Processing region 1 8 could be cleaned after 
each deposition sequence or after a series of deposition 10 
sequences has been conducted. In a typical HCI based 
periodic cleaning cycle, a chamber clean cycle is con- 
ducted for every 10 to 20 ^im of silicon deposited in 
reactor 10. The cleaning cycle is conducted after 
removing the last wafer of the sequence from chamber is 
1 0. Without a wafer present in the chamber, the suscep- 
tor temperature is raised to about 1200° C while a mix- 
ture of HCI and H2 is provided to processing region 18. 
The HC! breaks down the silicon deposits formed within 
processing region 18 into volatile by-products that are 20 
exhausted from processing region 18 via evacuation 
port 36. 

[0010] One problem with current CVD reactors is 
that 0-rings 50, 52, 54, 56, 58 and 60 are degraded by 
prolonged exposure to the chemistry, temperatures and 25 
pressures employed within processing region 1 8 during 
the deposition and cleaning processes. Typical removal 
rates fomn the HCI cleaning process above are about 2 
^im/min. Longer deposition sequences, such as those 
having about 20^ depositions between cleans, pro- 30 
vide higher throughput but increase the length of expo- 
sure to HCI and 1200**G which in turn increases the 
likelihood of 0-ring degradation and failure. Degraded 
or failed 0-rings result in contamination of processing 
region 18 and films formed therein as well as loss of 35 
process environment control such as loss of pressure 
control. 

[0011] One measure of the lack of contamination or 
level of purity within processing region 1 8 is the resistiv- 
ity measurement of an un doped epitaxial silicon film 40 
deposited in region 18. Since silicon has an intrinsically 
high resistivity on the order of greater than 800 ii-cm, 
resistivity measurements below 800 Sl-cm indicate con- 
tamination of some kind within the processing region. A 
high degree of purity within region 18 is desired initially '45 
so that dopants can be incorporated with greater cer- 
tainty to provide doped silicon films with specific resis- 
tivity. O-rings, such as those utilized as in Figures 1 and 
2, are typically limited to about 20i.im deposition cycles 
or cleaning cycles of HCI at 1200°C lasting less than so 
about 30 minutes. Because of their direct exposure to 
region 18, degradation or failure of these 0-rings (56 
and 58) leads to processing area contamination which 
in turn results in resistivities on the order of 20-30 H-cm. 
[0012] What is needed is a processing apparatus 55 
which can overcome the shortcomings of the prior art by 
extending the processing throughput capability of an 0- 
ring sealed reactor beyond 20|j.m deposition between 



cleans. Such a reactor would be capable of extended 
high temperature epitaxial deposition cycles capable of 
depositing films about 20|im or more thick. Such a reac- 
tor would extend the duration of HCI cleans while also 
preventing 0-ring based contamination from reaching 
the processing region. 

[0013] An aspect of the present invention is an 
improved semiconductor substrate processing appara- 
tus having a processing chamber having a first member, 
a second member and a processing region; a vacuum 
tight seal between said first and said second members 
that enables a pressure controlled environment within 
said processing region; and a barrier disposed between 
said first and second members which separates said 
seal from said processing region, said barrier being 
substantially n on- reactive with processes conducted in 
said processing region. 

[0014] Another aspect of the present invention is an 
improved apparatus for depositing silicon which 
includes a processing chamber having a first element, a 
second element and a processing region; an O-ring 
between said first and second elements that enables 
pressure controlled processes within said processing 
region; and a linearly shaped material comprising 
expanded polytetrafluoroethylene said material being 
substantially inert to the temperature, pressure and 
chemical environment within said processing region, 
said material having a first notched end, a second 
notched end adaptivety coupled to said first notched 
end, a thickness and a length wherein said linear mate- 
rial circumscribes said processing region when said first 
notched end is coupled to said second notched end 
thereby said inert material separates said processing 
region from said 0-ring. 

[0015] Another aspect of the present invention is an 
improved apparatus for depositing silicon which 
includes a processing chamber having a top dome, a 
bottom dome, a base ring and a clamp ring coupled to 
and separating said top dome and said bottom dome 
wherein said top dome, bottom dome, base ring and 
clamp ring define a processing region, a susceptor dis- 
posed within said processing region, a plurality of lamps 
which illuminate said susceptor, and a quartz liner dis- 
posed adjacent to said susceptor; a seal disposed 
between said base ring and each of said domes and a 
seal between said clamp ring and each of said domes 
wherein said domes, said base ring and said clamp 
rings are compressably in contact with said seals to 
enable a pressure controlled environment within said 
processing region; and barriers disposed between each 
of said seals and said processing region wherein said 
barrier is prevents contaminants from said seals from 
reaching said processing region, wherein said seals 
and said barriers are disposed within grooves formed in 
said clamp ring and said base ring. 
[0016] A preferred embodiment of the invention is 
claimed in the main claim, whereas further preferred 
embodiments of the invention and the features thereof 
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are given in the appended claims and sub-claims. 
[001 7] It is to be noted, that the appended drawings 
illustrate only typical embodiments of this invention and 
are therefore not to be considered limiting of its scope, 
for the invention may admit to other equally effective 
embodiments. 

Rgure 1 is a cross section view of a prior art CVD 

processing reactor, 
Rgure 2 is a cross section view of a sidewall of a 

prior art CVD reactor. 
Rgure 3 is a cross section view of a sidewall of a 

CVD processing reactor according to the 

present invention. 
Rgure 4 is perspective view of an inert barrier 

according to the present invention. 
Rgure 5 is a top down view of the inert barrier of 

the present invention. 
Rgure 6 is sectional view A-A of the inert barrier of 

Rgure 5. 

Rgure 7 is an enlarged initial view B of the inert 
barrier overiap region according to the 
present invention. 

Rgure 8 is an enlarged final view B of the inert bar- 
rier overlap region according to the 
present invention. 

Rgure 9 is a cross section view of a sidewall in an 
unloaded position. 

Rgure 10 is a cross section view of a sidewall in a 
loaded or installed position. 

Rgure 11 is a graph illustrating 0-ring temperature 
as a function of time for an 0-ring installed 
in a chamber having a barrier layer 
according to the present invention. 

Rgure 12 is a graph of resistivity versus film thick- 
ness for a series of wafers processed in a 
reactor having an inert barrier according 
to the present invention. 

Rgure 13 is a graph of resistivity versus film thick- 
ness for a series of wafers processed in a 
reactor having an inert barrier according 
to the present invention. 

[0018] The present invention is directed to the use 
of an inert barrier material to prolong the life of primary 
chamber 0-rings and prevent 0-ring contaminants from 
reaching the processing region of a semiconductor 
processing reactor. 

[0019] Specific details of the present invention can 
be better appreciated by turning now to Rgure 3 which 
is a cross section view of a sidewall of a processing 
reactor 15 having inert barriers 62, 64. 66 and 68 
according to the present invention. Process reactor 15 
is a double dome CVD reactor similar to prior art 
processing reactor 10 and as such common compo- 
nents will be referred to by the same reference num- 
bers. 

[0020] Top dome 12 is held in place by the com- 



pressive force exerted by upper clamp ring 40 and base 
ring 44 on 0-rings 50, 52. 54 and 56. 0-rings are dis- 
posed within grooves fomned within the surfaces of 
upper clamp ring 40, lower clamp ring 42 and base ring 
5 44. 0-rings are fabricated from material most compati- 
ble with semiconductor processes and a variety of load- 
ing situations. Representative 0-rings materials are 
silicone, and polyfiuoronated compounds such as 
Teflon, Viton, Kalrez and varieties of Teflon encapsu- 
10 lated 0-ring compounds. Top dome 12 is not in contact 
with upper clamp ring 40 or base ring 44. 
[0021] Top dome 12 is in contact with but does not 
fomri a seal with quartz ring 118. An inert bamier 62 is 
disposed adjacent to 0-ring 52 and an inert barrier 64 is 
15 disposed adjacent to 0-ring 56. Inert barriers 62 and 
64, when installed, circumscribe process region 18. 
Since there is no seal between quartz insert 118 and 
top dome 12, inert barrier 64 is exposed to the process 
gases and chemistry of process region 1 8. However, 
20 because barrier 64 is erected between top dome 1 2 and 
base ring 44, 0-ring 56 is not exposed to the process 
chemistry present in region 18. Additionally, any con- 
taminates released by 0-ring 56 cannot pass barrier 64 
and thus are prevented from contaminating processing 
25 region 18. Particularly with regard to 0-ring 56, barrier 
material 64 is disposed adjacent to 0-ring 56, circum- 
scribes processing region 18 and is between process 
region 18 and 0-ring 56. 

[0022] Bottom dome 1 6 is held In place by the com- 
30 pressive force exerted by lower clamp ring 42 and base 
ring 44 on 0-rings 58 and 60. Lower dome 16 is not in 
contact with lower clamp ring 42 or base ring 44. Quartz 
ring 1 18 is in contact with but does not fonm a sealing 
surface with lower dome 16. An inert ban-ier 66 is dis- 
35 posed adjacent to 0-ring 58 and an inert bamier 68 is 
disposed adjacent to 0-ring 60. Inert barriers 66 and 
68, when installed, circumscribe process region 18. 
Since there is no seal between quartz insert 1 1 8 and 
bottom dome 1 6, inert barrier 66 is exposed to the proc- 
40 ess gases and chemistry of process region 1 8. How- 
ever, because barrier 66 is erected between bottom 
dome 1 6 and base ring 44, 0-ring 58 is not exposed to 
the process chemistry present in region 1 8. Additionally, 
any contaminates released by 0-ring 58 do not pass 
45 barrier 64 and thus are prevented from contaminating 
processing region 18. Particularly with regard to 0-ring 
58, ban-ier material 66 is disposed adjacent to 0-ring 
58, circumscribes processing region 18 and is between 
process region 1 8 and 0-ring 58. 
50 [0023] 0-rings 56 and 58 form the primary vacuum 
tight seals between the chamber members adjacent to 
each 0-ring. 0-ring 56 fomns a seal between upper 
dome 1 2 and base ring 44 while 0-ring 58 forms a seal 
between lower dome 16 and base ring 44. The seals 
55 formed by 0-rings 56 and 58 enable vacuum, atmos- 
pheric pressure and high pressure operations to be con- 
ducted within processing region 18. In the deposition of 
epitaxial silicon, process pressures can range any- 
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where from about 10 Torr to 1000 Torn Typical pres- 
sures are 760 Torr for atmospheric pressure processes 
and between about 20 Torrto 1 00 Torr for reduced pres- 
sure processes. 

[0024] 0-rings 50, 52. 54 and 60 are used to evenly 5 
distribute the compressive and loading forces of clamp 
rings and base rings across upper and lower domes 12 
and 1 6. 0-rings 50, 52, 54 and 60 also act as secondary 
pressure seals for processing region 18. Thus, all seal- 
ing and loading forces are borne by O-rlngs 50, 52, 54, io 
56, 58 and 60. Also illustrated in the representative dou- 
ble dome reactor embodiment of the present invention 
are the separate grooves fomned within upper and lower 
clamp rings 40 and 42 and base ring 44 to accommo- 
date the 0-rings and ban-ier material of the present is 
invention. Base ring 44 provides separated support O- 
rings and sealing 0-rings such as groove 70 that 
accommodates primary seal O-ring 56 and barrier 64 
while groove 72 accommodates support and secondary 
seal O-ring 54. Base ring 44 also provides a combined 20 
sealing and support O-ring as found in groove 78 that 
accommodates support and secondary seal O-ring 58 
and ban'ier 66. Upper clamp ring 40 is illustrative of a 
separate support and sealing O-ring design that 
includes a groove 76 that accommodates support and 25 
sealing O-ring 50 and groove 74 that accommodates a 
primary sealing O-ring 52 and a barrier 52. Lower clamp 
ring 42 is illustrative of a combined sealing and support 
O-ring that includes a single groove 80 that accommo- 
dates sealing and support O-ring 60 and a barrier 68. 30 
The O-ring and barrier locations and groove configura- 
tions illustrated in the embodiment of Rgure 3 are 
merely representative of an O-ring and barrier locations 
and groove design configuration. One of ordinary skill 
will appreciate that a wide variety of O-ring and barrier 35 
locations and groove size designs may be employed 
without departing from the spirit of the present inven- 
tion. Those alternative designs and configurations will 
vary according to the size and type of reactor into which 
the barrier of the present invention is to be employed. 40 
[0025] Although under compressive force, inert bar- 
riers 62, 64, 66 and 68 are not considered part of the 
loading, distribution or support for upper and lower 
domes 12 and 16. Additionally, inert barriers 52, 64, 66 
and 68 are not relied on to provide a pressure seal for 45 
processing region 18. In fact, tests conducted in a 
processing reactor similar to reactor 1 5 that used barri- 
ers 62, 64, 66 and 68 alone (i.e., without any O-rings) 
was unable to provide a sufficient seal for which ade- 
quate pressure control could be maintained within so 
processing region 1 8. Since inert barrier material 62, 
64, 66 and 68 alone is inadequate for sealing semicon- 
ductor processing reactors, the pressure seal for 
processing region 18 is provided by the sealing and 
support 0-rings disposed between upper and lower ss 
domes 12 and 16 under compressive force of clamp 
rings 40 and 42 and base ring 44. 
[0026] Inert barriers 62, 64, 66 and 68 provide insu- 



lation to 0-rings from convection heat generated within 
processing region 18. One reason for positioning a bar- 
rier between processing region 1 8 and an O-ring is that 
hot gases from processing region 1 8 would contact only 
the barrier and not the adjacent O-ring. 0-rings still 
receive considerable thermal energy from the radiation 
from lamps 28 transmitted through domes 12 and 16 as 
well as conductive heating from the stainless steel com- 
ponents of side wall 1 4. Additionally, because gaps exist 
between quartz domes 12 and 16 and insert 118, inert 
barriers 64 and 66 are in contact with deposition and 
cleaning gases used within processing region 18. 
Because inert barriers 64 and 66 have formed effective 
barriers between base ring 44 and top and bottom 
domes 12 and 16, 0-rings 58, 54 and 56 are not 
exposed to the high temperature epitaxial silicon depo- 
sition chemistry used during deposition processes and, 
more importantly, not exposed to the high temperature 
HC! based chemistry used during cleaning processes. 
[0027] The material used for inert ban-ier 62, 64, 66 
and 68 should be substantially non-reactive or inert to 
the chemistry, temperature, and pressures utilized 
within processing region 18. Such a material would be 
capable of sustained exposure to susceptor tempera- 
tures ranging between 950''C to 1250°C .and reactive 
source gases typically employed during epitaxial silicon 
deposition. Additionally, such a material would be capa- 
ble of prolonged exposure to 1200^*0 susceptor temper- 
ature, and HCI based cleaning chemistry. Such a 
material would withstand prolonged exposure to both 
the epitaxial silicon deposition and cleaning cycles with- 
out degradation or contaminate generation. Typically in 
a chamber 15 of Figure 3, a susceptor temperature of 
1200°C results in temperatures of between about 280°C 
to 480^0 in the vicinity of barrier materials 62, 64, 66 
and 68. Additionally, the barrier material should be so 
positioned relative to any pathway between an O-ring 
and processing region IB such that O-ring contami- 
nates would not reach processing region 1 8. For exam- 
ple, barrier 64 is positioned so as to block the path from 
O-rings 54 and 56 to the gap between top dome 12 and 
quartz insert 118 and on into processing region 18. 
[0028] A material with superior heat and chemical 
resistant properties suitable for use as a barrier material 
is polytetrafluoroetheylene (PTFE). The PTFE may be 
produced in an expanded porous form as taught in U.S. 
Patent 3,953, 566 issued April 27, 1 976 to Gore. Suita- 
ble barrier materials may also be produced with limited 
long tenrn creep by wrapping a core of elongated or 
expanded PTFE with a high strength film of expanded 
PTFE as discussed in U.S. Patent 5,494.301 and U.S. 
Patent 5,492,336 both of which are assigned to W.L 
Gore Associates. One material suitable as a barrier 
material is an expanded polytetrafluoroethylene with 
high multidirectional tensile strength such as that avail- 
able from W.L. Gore Associates under the product 
name Gore BG. 

[0029] Figure 4 illustrates an expanded PTFE bar- 
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rier material according to an embodiment of tlie present 
invention. Although the illustrative embodiments which 
follow are described with regard to barrier 64, barriers 
62, 66, and 68 are similarly shaped and employed 
within processing reactor 15 according to the present 5 
Invention. As shown in Figure 4, a barrier 64 has been 
cut into a linearly shaped continuous piece having an 
overall length (I), a width (w) and thickness (t) and adap- 
tively coupled ends A and B. A PTFE bamer exhibits 
shrinkage when employed in a processing reactor w 
according to the present invention. The dimensions I, w, 
and t of the barrier are therefore advantageously 
selected to compensate for dimensional changes in the 
barrier as a result of processing chamber operations. 
For example, shrinkage along length I is accommodated 75 
by slideably and adaptiveiy coupled ends A and B. 
[0030] Adaptiveiy coupled ends A and B are 
notched on opposite sides to a notched width of about 
one-half the overall width of ban-ier 64 or i/S w. The width 
w is sufficiently wide such that w is an effective bar- 20 
rier. The width w is used in conjunction with adap- 
tiveiy coupled ends A and B as described with respect 
to Rgure 8. The thickness t is selected so that sufficient 
contact remains between the barrier and the adjacent 
elements to fonn an effective barrier. The barrier mate- 25 
rial dimensions I, w, and t are selected so that the mate- 
rial provides an effective O-ring barrier under the 
operating conditions of the processing reactor into 
which the bamer is installed. 

[0031] The length of banner 64 in Rgure 4 repre- 3o 
sents the original pre-shrunk length of barrier 64 at a 
first temperature or at ambient temperature of about 
85"F or 29.4°C or those ambient conditions within a 
wafer processing facility while reactor 15 is not in oper- 
ation. In a preferred embodiment where reactor 15 is a 35 
double dome CVD reactor capable of processing 300 
mm substrates, barrier 64 would have an original length 
of about 64 inches with a rectangular cross section or a 
cross section where the thickness (t) and width (w) are 
each 0.285 inches. Although -the embodiments 4o 
described below are described with respect to the posi- 
tion of ban-ier 64 relative to O-ring 56, the descriptions 
which follow are also applicable to bamers 62, 66 and 
68 and O-rings 52, 58, and 60. 

[0032] Rgure 6 illustrates a top down view of a rep- 45 
resentative barrier 64 of the present invention as it 
would be installed in a reactor 15 at ambient conditions. 
When installed in reactor 15, bamier 64 circumscribes 
the processing region. Inner diameter D is about 20.3 
inches for a representative processing reactor 1 5 capa- so 
ble of processing 300 mm substrates. Figure . 6 is view 
A-A of Figure 5 and illustrates the rectangular cross 
sectional shape of representative barrier 64. Although a 
rectangular cross sectional shape is illustrated, one of 
ordinary skill in the art will appreciate that other cross 55 
sectional shapes, such as circular, elliptical, polygonal 
or other suitable shape may be employed without 
departing from the spirit of the present invention. 



[0033] Figure 7 illustrates an enlarged view B of 
Figure 5. At ambient conditions or priorto any shrinkage 
of barrier 64, the initial length of overiap (Loi) between 
adaptiveiy coupled ends A and B coexist with the length 
of the notched portion of ends A and B. Put another way, 
in an ambient or pre-shrlnkage condition, ban-ier 64 
would separate processing region 18 from an adjacent 
O-ring by width w throughout the entire length of ban-ier 
64 or the entire circumference of processing region 18. 
In a representative barrier 64, the length of initial over- 
lap, Loi, is about 3 inches which con-esponds with the 
length of each of adaptiveiy coupled ends A and B. 
[0034] Figure 8 illustrates the enlarged view B of 
Figure 5 after barrier 64 has been exposed to the depo- 
sition and cleaning operations conducted within 
processing region 1 8. As a result of shrinkage along the 
length of barrier 64, the overlap region illustrated in Fig- 
ure 8 has been diminished to Lot or final length of over- 
lap. The final length of overlap represents that portion of 
adaptiveiy notched ends A and B which remain over- 
lapped thereby providing a total width w between 
processing region 18 and an adjacent O-ring. Lp or 
length of reduced width, is created as adaptiveiy cou- 
pled ends A and B move from their initial positions 
shown in Rgure 7 to their representative final positions 
shown In Rgure 8. Thus, L^a represents the amount of 
length reduction associated with adaptiveiy coupled end 
A Similarly, Lfg represents the amount of length reduc- 
tion associated with adaptiveiy coupled end B. That por- 
tion of barrier 64 associated with LrA and LrB represents 
that portion of barrier 64 in which only about one-half 
the original width of barrier 64 remains between 
processing region 1 8 and an adjacent O-ring. Thus, bar- 
rier material original width w must be sufficient such that 
a reduced thickness of about one-half w still provides 
suitable barrier material capabilities. 
[0035] In a representative embodiment where 
chamber 15 is a 300 mm double dome CVD reactor and 
the initial unshrunk length (I) of a barrier 64 is about 64 
inches, initial overiap (Loj) is about 3 inches. After 
shrinkage has occurred in barrier material 64, the final 
length of overiap (Lot) is about 1 .5 inches. Alternatively, 
the total length of reduced thickness (Lf) which repre- 
sents the sum of each Lr associated with adaptiveiy 
coupled ends A and B is about 1.5 inches. Another 
desirable quality of a bamer material 64 is preferential 
shrinkage along the length and minimal to no shrinkage 
along the thickness and width of the material. Barrier 64 
is installed such that the primary shrinkage axis is 
aligned circumferentially to processing region 18 such 
that all shrinkage along the length of barrier 64 is com- 
pensated for by adaptiveiy coupled ends A and B as 
described above and illustrated in Rgures 7 and 8. 
[0036] The installation and use of a representative 
barrier 64 is better appreciated by referring to Figures 9 
and 10. Figure 9 represents the placement of O-rings 
54 and 56 and barrier 64 on base ring 44 prior to the 
placement of a quartz dome 12 and the installation of 
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upper clamp ring 40. Although illustrated with base ring 
44 and upper dome 12, similar procedures and dimen- 
sional requirements apply to 0-rings 50, 52 and barrier 
62 in upper clamp ring 40; 0-rlngs 58 and barrier 66 in 
the lower surface of base ring 44; and O-ring 60 and 5 
barier 68 In lower clamp ring 42. Barrier 64 is disposed 
adjacent to O-ring 56 in a groove 70 formed within stain- 
less steel base ring 44. No adhesives are used to bond 
barier 64 to either base ring 44 or O-ring 56. More 
importantly adhesives should not be used since any 70 
adhesive would defeat the degree of freedom employed 
by notched, slideably coupled ends of barrier 64. The 
slideably coupled ends A and B of barrier 64 are 
intended move freely along the circumference of 
processing region 18 within groove 70 to compensate 75 
for shrinkage of barrier 64 along its length and ensure 
adequate separation between the adjacent O-ring and 
processing region 18. Additional grooves are provided 
to accommodate other loading and sealing O-rings and 
barriers. For example, support and sealing O-ring 54 is 20 
disposed in groove 72 and O-ring 56 is disposed adja- 
cent to barrier 64 in groove 70. Grooves 72 and 70 are 
formed in base ring 44. 

[0037] Groove 70 has a depth (d) compatible with 
the size of reactor 15, the overall thickness of base ring 25 
44, the cross-sectional diameter of O-rings 54, 56. 
Once the groove depth is detemriined, the original or 
unloaded thickness t of the barrier is selected to ensure 
sufficient contact between the top and bottom barrier 
surfaces and the members between which the barrier is 30 
positioned. The barrier material loading conditions pro- 
vide sufficient compression to ensure the barrier sepa- 
rates the O-ring from the processing region. The 
original or unloaded thickness t also compensates for 
barrier shrinkage occun-ing in the t dimension. The 35 
thickness t Is selected such that when shrinkage occurs 
in the t dimension, the barrier material still fills the allot- 
ted space between the members with sufficient contact 
to provide an effective barrier. As a result, to the degree 
that the barrier material shrinks in the t direction, the 40 
barrier remains intact and separates the adjacent O- 
ring from the processing region. 
[0038] In a representative embodiment where reac- 
tor 15 is a CVD double dome reactor capable of 
processing 300mm diameter workpieces and barrier 64 45 
has an unloaded thickness (t) of 0.285 inches, groove 
70 has a depth of about 0.215 inches. A suitable barrier 
material would have an initial, unloaded thickness on 
the order of 1 .3 to 1 .5 times the depth of the groove 70 
to which it will be installed. Thus, the representative so 
embodiment of Rgure 9 illustrates a groove depth of 
0.215 inches and an initial bamer thickness of 0.285 
which results in a ban-ier about 1.32 times as thick as 
the depth of its associated groove. Additional grooves 
are formed in top clamp 40, base ring 44 and bottom 55 
clamp 42 in order to similarly situate O-rings 50, 52, 54, 
58 and 60 and barrier materials 62, 66 and 68. 
[0039] In the loaded condition illustrated in Figure 



10, upper clamp ring 40 and base ring 44 provide com- 
pressive force to O-rings 50, 52, 54 and 56 in order to 
support top dome 12. In the loaded condition of Figure 
10, spacing 75 is maintained between stainless steel 
base ring 44 and top quartz dome 12. In the represent- 
ative embodiment of Figure 10, spacing 75 is on the 
order of 0.02 inches. A similar spacing exists between 
upper clamp ring 40 and top dome 12. Although not 
shown in Figure 10, spacings exist between bottom 
dome 1 6 and both base ring 44 and lower clamp ring 42. 
As a result of compressive loading between clamp ring 
40 and base ring 44, upper dome 12 is supported by O- 
rings 50, 52, 54 and 56. Although not used to enable a 
pressure seal for processing region 1 8, bamers 62 and 
64 are also compressed from their original thickness. 
For example, the barrier 64 of Figure 10 is about 0.235 
inches thick from an original unloaded thickness of 
about 0.285 inches. This represents a slight compres- 
sive force. Although insufficient for sealing, this force is 
sufficient to ensure complete enough contact along the 
width of barrier 64 between top dome 12 and base ring 
44 via groove 70 to ensure an effective barrier is fomned 
between O-ring 56 and processing region 18. 
[0040] Processing chambers employing the barrier 
layer of the present invention have demonstrated higher 
throughput and improved processing windows. For 
example, prior art systems which , utilized O-rings only 
(i.e. chamber 1 0) were limited to three consecutive 20 n 
m deposition cycles followed by a single 1200°C HCI 
clean lasting approximately 30 minutes. Additionally, the 
resistivity of epitaxial silicon produced in prior art reac- 
tors after conducting the above deposition and cleaning 
sequence is on the order of 20-30 f2-cm. Generally, 
intrinsic silicon resistively below 200 Qrom is unaccept- 
able for most commercial epitaxial silicon process 
requirements. Such a low resistivity in this case in indic- 
ative of O-ring degradation, and possible failure or other 
contamination within processing region 18. 
[0041] Turning now to Figures 11, 12 and 13, the 
insulating and contaminate preventing properties of a 
processing reactor utilizing the barrier layer of the 
present invention can be better appreciated. Figure 11 
illustrates a stress test conducted in a reactor 1 5 to eval- 
uate the improved insulating properties of the barrier 
material of the present invention. The graph represents 
a temperature reading taken at O-ring 56 located adja- 
cent to bamer material 64, and separated from process- 
ing region 18. The test included six consecutive 
epitaxial silicon deposition processes up to approxi- 
mately time 2600, followed by an extended 1200°G HCI 
clean which lasted from about time 2600 to about 4600, 
or approximately 33 minutes. This extended HCI clean 
was immediately followed by an additional six epitaxial 
silicon deposition cycles. As indicated by the graph, an 
O-ring used in conjunction with a barrier material of the 
present invention was exposed to a maximum tempera- 
ture of about 235**C which occurred after the prolonged 
1200^0 clean. 
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[0042] Rgures 1 2 and 1 3 represent the resistivity of 
an intrinsic epitaxial silicon film deposited in a reactor 
15 having the barrier of the present invention installed 
as described with respect to Figure 3. In each of the 
tests illustrated by Figures 1 2 and 13, three wafers were 5 
processed consecutively in which each received at ieast 
1 0ixm of epitaxial silicon deposition. The resistivity, or 
purity, measurement in i2-cm as a function of thicl^ness 
of the film in |Lim is provided. The resistivity on the sur- 
face of the deposited epitaxial film is indicated at depth fo 
measurement 0 ^m. Surface effects associated with 
resistivity measurement techniques can lead to lower 
than actual resistivity measurements at the surface of 
the measured film. In recognition of the impact of these 
surface effects, resistivity is commonly referred to as 75 
being "greater than" the measured surface resistivity. 
[0043] Rgure 1 2 represents the resistivity measure- 
ments of three consecutive epitaxial silicon deposition 
sequences where at least 10 ]nm of epitaxial silicon was 
deposited on each substrate. The three substrates 20 
processed and measured in Rgure 12 were processed 
before conducting the stress test described above with 
respect to Rgure 1 1 . The lowest resistivity or least pure 
epitaxial film was deposited during the third sequence 
where the resulting film had a resistivity of greater than 25 
550 Q-cm. Considerably better quality silicon was 
deposited on the first and second deposition sequences 
where resistivities of greater than 5000 n-cm and 
greater than 7500 i^-cm were measured. 
[0044] Rgure 13 illustrates the resistivity measure- 30 
ments for three consecutive 10jim deposition 
sequences perfonned after conducting the stress test 
illustrated in Figure 1 1 and described above. As illus- 
trated in Figure 13, the lowest resistivity or, the least 
pure silicon, was greater than about 450£2-cm and was 35 
deposited during the first deposition sequence con- 
ducted after the stress test. The second and third films 
deposited obtained resistivities of greater than 1300 Qr 
cm and greater than 6500 Q.-cm respectively. 
[0045] As demonstrated by the results illustrated in 40 
Figures 11, 12 and 13, a processing reactor employing 
a ban-ier material according to the present invention can 
prolong primary 0-ring seal life because of the insulat- 
ing benefits provided the 0-ring by the bamer material 
which helped maintain primary O-ring temperatures 45 
below 250°C even during a most demanding 30 minute 
1200**C HCI cleaning cycie. Even if 0-ring degradation 
occurred, the resistivities measured after the stress test 
indicate that the barrier material prevented contamina- 
tion from reaching processing region 1 8 as the purity of so 
the films deposited within processing region 18 
remained high. Proof of the anti-contamination quality of 
the barrier of the present invention is provided by Figure 
13 and the high resistivity measurements obtained from 
the films deposited in a reactor having the banrier of the 55 
present invention after that reactor has conducted the 
stress test described above with respect to Figure 1 1 . 
[0046] Generally, process film resistivity require- 



ments (iiice those measured in Figures 12 and 13) are 
typically between about five to ten times the design 
resistivity requirements for a given application. Thus, a 
device or application requiring resistivity of about 10 to 
20 £2-cm would therefore require process film resistivity 
measurements between about 50 to 200 S2-cm. Even 
after conducting the stress test, the reactor 15 having 
the barrier of the present invention deposited high purity 
epitaxial films with resistivity greater than 400 ^2-cm. 
[0047] The above described processing reactor 15 
having the barriers of the present invention can accom- 
modate a number of different processes. The advan- 
tages of the present invention are better appreciated by 
illustration in the context of an epitaxial silicon deposi- 
tion and clean sequence. Epitaxial silicon processing 
operations are particularly arduous as both the deposi- 
tion and cleaning operations are conducted at tempera- 
tures above 1000**C and are most likely conducted 
between about 1100-1200°C. In some cases, cleaning 
sequences employ process steps with temperatures as 
high as 1225°C. Thus, the deposition of epitaxial silicon 
poses special problems since the resulting deposition 
and cleaning cycles create sustained high temperature 
operation requirements for the epitaxial processing 
apparatus. 

[0048] In a representative epitaxial silicon chemical 
vapor deposition cycle, a substrate 20 is placed on sus- 
ceptor 22 within a double dome processing reactor 1 5 
that includes inert bamers according to the present 
invention. After placing the substrate on susceptor 22, 
susceptor 22, substrate 20 and preheat ring 24 are 
heated by a plurality of high intensity lamps 26 to an 
appropriate deposition temperature. Representative 
epitaxial silicon deposition processes are conducted 
between about 950°C to 1250*C depending on source 
gas employed. For example, Silicon Tetrachloride, 
SiC!4, has a deposition temperature between about 
1 150°C to 1250''C while Silane, SiH4, has a deposition 
temperature of between about 950°C and 1050*^0. 
Drive 23 can be rotated to provide a time averaged envi- 
ronment for substrate 20 that is cylindrically symmetric. 
Deposition gases are introduced into processing region 
18 from an external source via supply lines 30 and 
chamber inlet 32. A reactant gas mixture typically 
includes a source of silicon such as but not limited to 
silane, disilane, dichlorosiiane, trichlorosilane and sili- 
con tetrachloride. A non-reactive carrier gas such as 
hydrogen is injected into the processing chamber 
together with the reactant gas. 
[0049] From the inlet 32, deposition gases flow 
across preheat ring 24. susceptor 22 and substrate 20 
to exhaust port 36 and thereafter to an exhaust system. 
Although deposition is intended only on substrate 20, 
deposition occurs on other chamber surfaces that are 
sufficiently hot to cause the deposition reaction. For 
example, deposition occurs on such surfaces as pre- 
heat ring 24, the edge of susceptor 22 not covered by 
substrate 20, top and bottom domes 12 and 16 and, in 
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some reactor designs, the backsides of susceptor 22 
and preheat ring 24. During the deposition cycle, barrier 
64 prevents the heated deposition reactants within 
processing region 1 8 that enter the gap between liner 
1 18 and top donne 1 2 f ronn reaching 0-ring 56. Similarly, 5 
barrier 66 prevents heated deposition reactants within 
processing region 18 that enter the gap between liner 
1 18 and bottonn dome 16 from reaching O-ring 58. Bar- 
riers 62, 64, 66 and 68 also provide thermal insulation 
from the high temperatures that exist in processing 70 
region 18 during epitaxial silicon deposition. 
[0050] Additionally, because the barriers 64 and 66 
are advantageously located between the O-rings and 
processing region 18 particles or other contaminants 
generated by the O-rings are prevented from entering 15 
processing region 1 8 and contaminating the film depos- 
ited on substrate 20. Likewise, barrier 62 would prevent 
particles or contaminants generated by O-rings 50 and 
52 from reaching and. potentially coating or otherwise 
adversely impacting the transmission of radiant energy 20 
from lamps 26 in the top portion of reactor 15 into 
processing region 18. Similarly, bamer 68 would pre- 
vent particles or contaminants generated by O-ring 60 
from reaching and potentially coating or otherwise 
adversely impacting the transmission of radiant energy 25 
from lamps 26 in the bottom portion of reactor 15 into 
processing region 18. 

[0051] The deposition cycle is repeated for each 
substrate to be processed. In a typical epitaxial deposi- 
tion sequence, a number of substrates will be proc- 30 
essed and then a single clean sequence will be 
performed inside processing region 18 to remove 
deposits accumulated during the deposition cycle. Par- 
ticularly contemplated is a commercialiy viable deposi- 
tion and clean sequence wherein about 20^m of 35 
epitaxial silicon deposition is followed by a single, pro- 
longed, HCI based cleaning cycle lasting up to between 
about 5 to 1 0 minutes. After the last substrate of the 
deposition sequence has been processed and removed 
from the processing region, the temperature of process- 40 
ing region 1 8, measured at susceptor 22, is raised to 
about 1200°G. Next, HCI is introduced into processing 
region 18 via inlet 32. The gaseous HCI dissociates 
within processing region 1 8 and reacts with the silicon 
deposits and other accumulations to form volatile by- 45 
products. These volatile by-products are subsequently 
exhausted from processing region 18 via exhaust port 
36. 

[0052] As with the deposition process, barriers 64 
and 66 protect sealing O-rings 56 and 58 from degrada- so 
tion as a result of direct contact with the high tempera- 
ture gases, employed during the cleaning process. 
Particularly with regand to the cleaning process, bamers 
64 and 66 prevent chemical attack that would result 
from contact between O-rings 56 and 58 and the reac- 55 
tive cleaning agents employed within processing region 
18 during the cleaning cycle. In the 1200**C HCI clean 
typical to epitaxial reactors, one highly reactive cleaning 



agent employed is chlorine. 

[0053] During the cleaning cycle, barrier 64 pre- 
vents the heated cleaning gases within processing 
region 1 8 that enter the gap between liner 1 1 8 and top 
dome 12 from reaching O-ring 56. Similarly, barrier 66 
prevents heated cleaning gases within processing 
region 18 that enter the gap between liner 1 1 8 and bot- 
tom dome 16 from reaching O-ring 58. Barriers 62, 64, 
66 and 68 also provide thermal insulation from the high 
HCI clean temperatures employed in processing region 
18. 

[0054] Additionally, because the barriers 64 and 66 
are advantageously located between the O-rings and 
processing region 18 particles or other contaminants 
generated by the O-rings are prevented from entering 
processing region 18 and interfering with the cleaning 
process. If O-rings 50 and 52 become degraded and 
produce particles or contaminants then barrier 62 would 
prevent those particles or contaminants from reaching 
and potentially coating or otherwise adversely impact- 
ing the transmission of radiant energy from lamps 26 in 
the top portion of reactor 15 into processing region 18. 
If O-ring 60 becomes degraded and produces particles 
or contaminants, then barrier 68 would prevent those 
particles or contaminants from reaching and potentially 
coating or othenvise adversely impacting the transmis- 
sion of radiant energy from lamps 26 in the bottom por- 
tion of reactor 15 into processing region 18. 
[0055] Although described with regard to epitaxial 
silicon deposition, other processing operations could 
advantageously utilize the barrier layer of the present 
Invention. For example, amorphous silicon, doped sili- 
con and polysilicon deposition processes employ a 
1200**C HCI clean cycle similar to the one described 
above. These types of deposition reactors could employ 
the barrier of the present invention to likewise achieve 
the ability to conduct prolonged 1200*C HCI clean 
cycles without O-ring degradation. Just as the barrier of 
the present invention prevents chloride chemical attack, 
the barrier could be employed with other clean chemis- 
tries to likewise prevent other types of chemical attack 
as well. For example, the barrier of the present Invention 
could be employed to prevent fluorine chemical attack in 
those processing chambers that employ fluorine based 
clean chemistries such as the use of NF3. 

Claims 

1. A semiconductor substrate processing apparatus 
comprising: 

(a) a processing chamber having a first mem- 
ber, a second member and a processing 
region; 

(b) a vacuum tight seal between said first and 
said second members that enables a pressure 
controlled environment within said processing 
region; and 
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(c) a barrier disposed between said first and 
second members which separates said seal 
from said processing region, said barrier being 
substantially non-reactive with processes con- 
ducted in said processing region. 5 

2. An apparatus according to claim 1 wherein barrier 
is said substantially non-reactive to epitaxial silicon 
deposition processes conducted within said 
processing region, rc 

3. An apparatus according to claim 1 wherein said 
ban-ier is said substantially non-reactive to proc- 
esses which include temperatures of about 1200°C 
within said processing region. 75 

4. An apparatus according to claim 1 wherein said 
ban-ier is said substantially non-reactive to proc- 
esses which include HCI at temperatures of about 
1200**C within said processing region. 20 

5. An apparatus according to claim 1 wherein said 
inert bamer comprises expanded polytetrafluor- 
oethylene. 

25 

6. An apparatus according to claim 1 wherein said 
bamer is sufficiently thick such that when shrinkage 
occurs in the thickness of the barrier the barrier still 
fills the allotted space between said first and sec- 
ond members. 3^ 

7. An apparatus according to claim 1 wherein said 
barrier is continuous and circumscribes said 
processing region. 

35 

8. An apparatus according to claim 7 wherein said 
ban-ier has slideably coupled ends, a first length at 
a first temperature, a second length at a second 
temperature, wherein said first temperature is lower 
than said second temperature and said second 40 
length is shorter than said first length wherein said 
slideably coupled ends allow said bamer to contract 
from said first length to said second length while 
said barrier continuously separates said seal from 
said processing region. 45 

9. An apparatus according to claim 8 after said barrier 
has contracted from said first length to said second 
length said seal remains separated from said 
processing region by about half the thickness of 50 
said barrier. 

10. An apparatus for depositing silicon comprising: 

(a) a processing chamber having a first ele- 55 
ment, a second element and a processing 
region; 

(b) an O-ring between said first and second 



elements that enables pressure controlled 
processes within said processing region; and; 
(c) a linearly shaped material comprising 
expanded polytetrafluoroethylene said material 
being substantially inert to the temperature, 
pressure and chemical environment within said 
processing region, said material having a first 
notched end, a second notched end adaptively 
coupled to said first notched end, a thickness 
and a length wherein said linear material cir- 
cumscribes said processing region when said 
first notched end is coupled to said second 
notched end thereby said inert material sepa- 
rates said processing region from said O-ring. 

11. An apparatus according to claim 10 wherein said 
first notched end is aligned with said second 
notched end such that said processing region is 
separated from said O-ring by about one-half the 
thickness of said inert material. 

12. An apparatus according to claim 10 wherein the 
length of the material is sufficiently long such that 
said first and said second notched ends will overlap 
regardless of temperature within said processing 
region and shrinkage of the material. 

13. An improved silicon deposition apparatus compris- 
ing: 

(a) a processing chamber having a first ele- 
ment, a second element and a processing 
region suitable for deposition of intrinsic silicon; 

(b) a pressure seal fonmed between said first 
and second elements providing a pressure 
controlled environment within said processing 
region; and 

(c) a barrier layer fonned between said first and 
second elements which separates said pres- 
sure seal from said processing region wherein 
said barrier layer prevents contaminants from 
said seal from reaching said processing region 
and said barrier provides insulation for said 
seal from heat and chemicals used within said 
processing region and said barrier is substan- 
tially inert to the heat and chemicals used 
within said processing region. 

14, A semiconductor substrate processing apparatus 
comprising: 

(a) a processing chamber having a top dome, a 
bottom dome, a base ring and a clamp ring 
coupled to and separating said top dome and 
said bottom dome wherein said top dome, bot- 
tom dome, base ring and clamp ring define a 
processing region, a susceptor disposed within 
said processing region, a plurality of lamps 
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which illuminate said susceptor, and a quartz 
liner disposed adjacent to said susceptor; 

(b) a seal disposed between said base ring and 
each of said domes and a seal between said 
clamp ring and each of said domes wherein 5 
said domes, said base ring and said clamp 
rings are compressably in contact with said 
seals to enable a pressure controlled environ- 
ment within said processing region ; and 

(c) barriers disposed between each of said io 
seals and said processing region wherein said 
ban-ier is prevents contaminants from said 
seals from reaching said processing region, 
wherein said seals and said barriers are dis- 
posed within grooves formed in said clamp ring is 
and said base ring. 

15. An apparatus according to claim 14 wherein said 
base ring and said clamp ring are formed from 
stainless steel. 20 

16. An apparatus according to claim 14 wherein said 
seals have circular cross sections and said barriers ^ 
have rectangular cross sections. 

25 

17. An apparatus according to claim 14 wherein the 
thickness of said barriers is less than twice the 
depth of said grooves. 

30 



35 



40 



45 



50 



55 



EP 1 065 701 A2 




EP 1 065 701 A2 



FIG 2 




EP 1 065 701 A2 



FIGS 




EP 1 065 701 A2 




EP 1 065 701 A2 




EP 1 065 701 A2 



FIG 9 




EP 1 065 701 A2 




(O) ajnjBJ9dLU8i 



EP 1 065 701 A2 




EP 1 065 701 A2 



CO 




- oo 



E 



CD 



CD 



- CM 



(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(11) EP 1 065 701 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

11.07.2001 Bulletin 2001/28 

(43) Date of publication A2: 

03.01.2001 Bulletin 2001/01 

(21) Application number: 00113952.6 

(22) Date of filing: 30,06,2000 



(51) intci7: H01L 21/00, C23C 16/00, 
C23C 16/44 



(84) Designated Contracting States: 


(72) 


Inventors: 


AT BE OH CY DE DK ES R FR GB GR IE IT LI LU 


• 


De Lomlnie, Romam Beau 


WIC NL PT SB 




Menio Park, CA 94025 (US) 


Designated Extension States: 




Carlson, David K. 


AL LT LV MK RO SI 




Santa Clara, CA 95051 (US) 


(30) Priority: 01.07,1999 US 346646 


(74) 


Representative: 


(71) Applicant: Applied Materials, Inc, 




Kirschner, Klaus Dieter, Dipl.-Phys. 




Schneiders & Behrendt 


Santa Clara, Calrfornia 95054 (US) 




Rechtsanwalte - Patentanwalte 






Sollner Strasse 38 






81479 Munchen (DE) 



(54) Inert barrier for high purity epitaxial deposition systems 



(57) The present invention is an innproved semicon- 
ductor substrate processing apparatus which includes 
a processing chamber having a first member, a second 
member and a processing region; a vacuum tight seal 
between said first and said second members that ena- 



bles a pressure controlled environment within said 
processing region; and a banner between said first and 
second members which separates said seal from said 
processing region, said barrier being substantially non- 
reactive with processes conducted in said processing 
region. 




CL 
LJJ 



EP 1 065 701 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 00 11 3952 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Catsgoiy 



X 
Y 



D.Y 



D,A 



Citation of dooumenl with indication, where appropriate, 
o( relevant passages 



US 5 534 073 A (KINOSHITA YOSHIMI ET AL) 
9 July 1995 (1996-07-09) 



* abstract; figures 31-35 * 

* column 27, line 45 - column 30, line 49 
* 

US 5 914 050 A (KLIMCK KIMBERLY E ET AL) 
22 June 1999 (1999-06-22) 

* the whole document * 

US 5 492 335 A (LUBIN CINDY B ET AL) 
20 February 1995 (1996-02-20) 

* abstract; figures * 

* column 1, line 56 - column 3, line 57 

US 5 788 799 A (REDEKER FRED C ET AL) 
4 August 1998 (1998-08-04) 

* abstract; claims; figures * 

* column 4, line 19 - line 45 * 

* column 5, line 1 - column 7, line 18 " 

US 5 494 301 A (HAMILTON ELIZABETH M ET 
AL) 27 February 1995 (1996-02-27) 

* column 1, line 5 - column 2, line 35 



The present search report has been drawn up for all claims 

. Dale al completion ol (he search 



Place ol search 

BERLIN 



21 Hay 2091 



Relevant i classification OF the 

to dalm ■ APPLICATION (IritCl.T) 



1,14 i 



2-13, 
15-17 



2-13 



5,10. 
15-17 



1.5,14 



5,10 



i H01L21/00 
I C23C16/O0 
i C23C16/44 



TECHNICAL RELDS 
SEAflCHED (IIU.CL7) 



C23C 
B65D 
H01L 



Examiner 

Hamdani, F 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particLilaf ly relevant if combined with another 

document of the same category 
A : technological background 
0 : non-written disclosure 
P ; intermediate document 



T : theory or principle underlying the Invention 
E : eariier patent documenl, but published on, or 

after the filing date 
D : document dted in the application 
L : document cited for other reasons 

iTm&nii&i oi'iie same patent family . corresponding 
document 



EP 1 065 701 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 00 11 3952 



This annex lists the patent family members relating lo the patent documents cited In the above-mentioned European search report 
The nnembers are as contained in the European Patent Office EDP file on 

The European Patent (Dffice is in no way liable lor these particulars which are merely given tor the purpose of information. 

21-05-2001 



Patent document 
cited in search report 


Publication 
date 


Patem family 
member(s) 


Publication 
date 


US 5534073 


A 




JP 


6244269 A 










KR 


183466 B 










US 


5975260 A 


62-11-1999 


us 5914650 


A 


22-06-1999 


EP 


1017877 A 


12-67-2000 








WO 


9915712 A 


01-04-1999 


US 5492336 


A 


9^-09-1 QQfi 


US 


5486010 A 


OI^M -1 QQfi 








US 


54943G1 A 


97-^9-1 QQ*^ 








US 


5551706 A 










AU 


5407494 A 










CA 


2169749 A 










EP 


Q7 17820 A 










JP 


9502512 T 


11 U5 i j3/ 








WO 


95G7422 A 


16-03-1995 








CA 


2157283 A 


27-10-1994 








DE 


69312745 D 


04-09-1997 








DE 


69312745 T 


04-12-1997 








EP 


0695405 A 


07-62-1996 








JP 


8509052 T 


24-09-1996 








WO 


9424467 A 


27-10-1994 


US 578B799 


A 


Q4-Q8-1998 


JP 


10870112 A 


10-03-1998 


US 5494301 


A 


27-02-1996 


CA 


2157283 A 


27-10-1994 








DE 


69312745 D 


04-09-1997 








DE 


69312745 T 


04-12-1997 








EP 


0695405 A 


07-02-1996 








JP 


8509052 T 


24-09-1996 








WO 


9424467 A 


27-1G-1994 








US 


5486010 A 


23-01-1996 








US 


5492336 A 


20-02-1996 








US 


5551705 A 


03-09-1996 





Si For more details about this annex : see Offtcia: Journal ot the European Patent Office, No. 12/82 



r --f 



